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In the past few years several methods have been developed for the analysis of serum lipoproteins. Lindgren, Elliott, and Gofman (1) have utilized the relatively low density of the lipoproteins to separate them from the other serum proteins by ultracentrifugal flotation. Quantitation was subsequently performed by refractometric methods in the analytical ultracentrifuge. Separations of lipoproteins have also been made by Cohn fractionation in cold ethanol, and the quantities of lipoprotein have been estimated from the lipid. content of the fractions (2, 3) . Widely used at the present time is the method of zone electrophoresis with quantitation either by staining (4) or by chemical analysis of eluates from the supporting medium (5, 6) .
Each of these methods has serious limitations. Analytical ultracentrifugal techniques (7, 8) require the possession of expensive equipment. The quantitation of data is subject to considerable error and gives no information regarding the chemical composition of the lipoproteins. Cohn fractionation requires facilities for operation at -5°C.
It permits accurate determination of the lipid components of the alpha and beta lipoproteins, but with this technique it is impossible to subfractionate these groups. With certain abnormal sera the method is unreliable (9) . Determination of electrophoretically separated fractions by staining techniques or by chemical analysis of eluates is subject to appreciable error. Both Cohn fractionation and electrophoretic techniques fail to separate lipoproteins from other serum proteins, thus making impossible the study of the protein moiety.
The combination of preparative ultracentrifugation with chemical analysis of the separated fractions would seem to be a procedure by which both the distribution and composition of lipoproteins could be determined simply and accurately. Such a procedure was described by Turner, Snavely, Goldwater, Randolph, Sprague, and Unglaub (10) . Under their conditions of ultracentrifugation, however, separation of discrete lipoproteins did not occur and their results are difficult to interpret. In the present study, lipoproteins have been separated from serum by repeated ultracentrifugations after progressively raising the solvent density. The separated fractions have been analyzed for total cholesterol, lipid phosphorus, and protein. The method has proved reliable and is, in our opinion, the simplest available procedure for the accurate quantitation of serum lipoproteins.
METHODS
The density of serum was raised by the addition of concentrated salt solution. (12) and lipid phosphorus by a modification of the method of Stewart and Hendry (13) . Lipid phosphorus was converted to phospholipid by the factor 25. In some instances protein content of the ethanolacetone insoluble material was determined by a modification of the biuret method (14) . The insoluble material was washed twice in ethanol-acetone, dried, and dissolved in an amount of sodium hydroxide solution equivalent to that contained in the usual biuret reagent. Biuret reagent without alkali was then added to the alkaline protein solution for color development.
Subjects
Forty-three men and women aged 20 to 30 were studied. They were physicians, nurses, and laboratory 1 Recent studies indicate that the 40.3 preparative rotor is more efficient for these purposes. It requires a small sample of serum (4 to 5 ml.) and the time of centrifugation can be reduced to 16 hours. Individuals with known disease were excluded from this group. In addition, sera from several individuals with known disorders of lipid metabolism as well as a variety of animal sera were examined. Blood samples from humans were drawn following an overnight fast or a fat-free breakfast. Pooled serum obtained from the American Red Cross blood donor service was used for detailed analysis of high density lipoproteins. RESULTS 
Young adult humans
In Table II 
Patients with hyperlipoproteinemia
In Table IV are shown examples of lipoprotein distribution and composition in several diseases associated with hyperlipoproteinemia. In the first group are patients with atherosclerosis or diseases which predispose to it; in the second group are patients with liver disease.
In the first group the concentration of the D < 1.063 fraction is increased in all patients. This increase may be entirely in the D 1.019-1.063 fraction, in the D < 1.019 fraction, or in both. The D > 1.063 fraction shows no consistent pattern of variation. Thus, in the patient with idiopathic hyperlipemia the concentration increment is entirely in the D < 1.019 fraction, and the other fractions are actually decreased. In contrast the patient with xanthoma tendinosum shows a marked increase in the D 1.019-1.063 fraction, very slight increase in the D < 1.019 fraction, and normal D > 1.063 fraction. Alterations in chemical composition of the fractions are also apparent. The proportion of protein to cholesterol is often altered in the two fractions in which it was measured. Cholesterol-phospholipid ratios differing from the normal are found in all fractions.
In the patients with liver disease the most consistent finding is a decrease in the lipid of the D > 1.063 fraction. The low density fractions are uniformly increased. In these patients the separation of the two low density lipoprotein fractions was incomplete as judged by the absence of the colorless solution beneath the top layer. Hence it was necessary to choose the point of separation arbitrarily. Noteworthy are the alterations in composition of the fractions. The cholesterol-phospholipid ratios are uniformly reduced and the proportion of protein to cholesterol also varies considerably.
Animals
From Table V it can be seen that animals have a higher proportion of their lipid in the D > 1.063 fraction than do humans. In some the absolute quantity of this fraction is also considerably higher than in humans. In the dog the serum total cholesterol concentration is only slightly lower than that seen in humans but almost all of it is contained in the D > 1.063 lipoproteins. In this fraction the cholesterol-phospholipid ratio is fairly constant in the various species, but it varies considerably in the other fractions. The relative proportion of protein in the lower density fractions also varies considerably. Of all the mammals studied only the pig closely approximates the human in distribution and composition of lipoproteins. Table VII serum It is evident that there is good agreement with the data published by Gofman, Glazier, Tamplin, Strisower, and deLalla (17) except for the D 1.019-1.063 fraction in women. This may be due to the small size of our sample. Recently, preliminary results of high density lipoprotein analysis have been published by the Donner Laboratory group (18) and these also appear to give values similar to our D > 1.063 fraction. The data of Lewis and Page (19) differ greatly from our data and from the data of others. In our hands their method of preparative ultracentrifugation fails to float all the cholesterol. This would account in part for their lower results. Our data agree well with the data of Russ, Eder, and Barr (3) obtained by Cohn fractionation. Not shown in the table is the comparison of our D < 1.063 fraction with their fraction I + III. Our mean value for total cholesterol in this fraction is 120 mg. per 100 ml. as compared to their value of 125. The cholesterol-phospholipid ratios obtained by these two methods also agree closely. Data obtained by zone electrophoresis (4-6) also agree closely with our data.
Subfractionation of the
The observations on the patients with diseases predisposing to atherosclerosis confirm and extend those of McGinley, Jones, and Gofman (20) who found that hyperlipoproteinemia may involve the D < 1.063 flotation fractions to a variable degree. While the number of patients is small it is of interest that the cholesterol in the D > 1.063 fraction is reduced in only one of the patients having diseases predisposing to atherosclerosis as contrasted to the finding of Barr, Russ, and Eder (21) that cholesterol in Cohn fraction IV + V + VI was usually markedly reduced. This apparent discrepancy requires further investigation.
The results obtained in patients with liver disease corroborate previous observations (4, 5, 9) regarding the marked lowering of the alpha lipoproteins in obstructive jaundice. Eder, Russ, Pritchett, Wilber, and Barr (9) also found alterations in the chemical composition of the low density lipoproteins. Our data further show that this alteration involves both subfractions of this group. Since "pure" lipoproteins were not isolated by this procedure, it is apparent that these alterations in composition may possibly reflect changes in the proportions of different lipoproteins contained in the fractions. The altered chemical composition of the D 1.019-1.063 fraction could well account for its increased mean flotation rate in the analytical ultracentrifuge (22) and its poor resolution at density 1.019 from the lower density lipoproteins in the preparative ultracentrifuge.
The data further illustrate the complex nature of the cholesterol-phospholipid ratio of whole serum. Since in normochole6terolemic individuals the ratio in the D < 1.019 fraction is similar to that of serum, alterations in the concentration of this component will not appreciably alter the whole serum ratio. On the other hand, since the ratios in the D Figure 1 is shown the correlation between the serum total cholesterol and the total cholesterol in the D 1.019-1.063 fraction in young adults and in the patients with hyperlipoproteinemia. As could be predicted a priori this correlation is good in young adults, since the D 1.019-1.063 fraction is the major cholesterol-containing component. The figure also shows that it is not possible to apply this correlation to the prediction of D 1.019-1.063 lipoprotein concentration from the serum total cholesterol in hyperlipoproteinemic states. In only two of the nine hyperlipoproteinemic subjects does the cholesterol in the D 1.019-1.063 fraction fall within one standard deviation of the regression line calculated for young adults. The correlation between the total cholesterol in the other fractions and the serum total cholesterol is poor. Likewise, intercorrelations between the total cholesterol contents of the various fractions are poor.
Study of the lipoproteins of D 1.063-1. 21 shows, in agreement with observations of deLalla and Gofman (7) , that these consist of more than one density class. The protein analysis shows that the different flotation classes also differ in chemical composition. The 2. Data obtained in young adults demonstrate that approximately two-thirds of the serum cholesterol and half the lipid phosphorus are contained in the density 1.019-1.063 fraction. The quantity of lipid is greater in the density < 1.019 fraction and less in the density > 1.063 fraction in young men as compared with young women. The ratio of total cholesterol to phospholipid is similar to that of serum in the density < 1.019 fraction, considerably greater in the density 1.019-1.063 fraction, and considerably less in the density > 1.063 fraction.
3. In disease hyperlipoproteinemia involves one or both of the two lower density fractions. The density > 1.063 fraction is variably affected; in biliary obstruction it is markedly reduced. Alterations in composition of the lipoprotein fractions also occur; these are most striking in biliary obstruction.
4. In animal sera wide variations in the distribution and composition of lipoproteins occur. A greater proportion of the lipid is associated with the density > 1.063 fraction than in man.
5. Subfractionation of the density > 1.063 fraction demonstrates two fractions containing cholesterol and lipid phosphorus of densities 1.063-1.125 and 1.125-1.21. The fraction of density > 1.21 contains 10 to 15 per cent of the serum lipid phosphorus but practically no cholesterol. This phosphorus is non-dialyzable and migrates with the alpha,-albumin fraction in starch electrophoresis (see addendum).
Addendum
Since this paper was submitted for publication it has been reported by Hack that about 10 per cent of the phosphorus extracted from human serum with ethanolether is insoluble in petroleum ether and can be ac-counted for by a peptide containing serine phosphate, threonine, and glutamic acid (Federation Proc., 1955, 14, 222) . We have found that the zinc hydroxide precipitable, ethanol-acetone soluble phosphorus in 1.21 density infranates is completely water soluble and insoluble in petroleum ether. The amino acids serine, threonine, glutamic acid, glycine, alanine, and leucine or isoleucine have been found in acid hydrolysates of the water soluble fraction. Further work on the nature of the phosphate in this fraction is in progress.
